A differential analysis of the cardiotocogram allows conclusions äs to the functional state of the fetus. However, the interpretations of changes in the heart rate depend to a large extent on the experience of the examiner because of the poorly defined deliminations of specific pattems of heart rate changes. New techniques enable the recording of the pre-ejection period (PEP) of the human fetal heart; i.e., the time between ventricular excitation and aortic pressure rise, continuously parallel with the CTG [3, 12, 16, 24, 27] . The PEP is a measure of the myocardial contractility. Thus, with adrenergic Stimulation the cardiac contractility increases and the PEP is shortened. On the other hand, an increase in peripheral resistance leads to a lengthening of the PEP äs does a decrease of ventricular filling. Recent experiments in fetal lambs [20, 21, 37, 52, 53] showed in acute and chronic experiments [20, 29] that in acute hypoxia the PEP falls below the normal ränge, and that with compression the PEP is increased while the relation of the PEP to duration of systole (relative PEP = PEPr) is constant. Furthermore, with umbilical cord complications characteristic PEP changes are seen and chronic and acute hypoxia lead to changes in the baseline level of the PEP. This study de als with the question whether the results of animal experiments from PEP recording together with the CTG apply to the human fetus during birth and whether the characteristics of the PEP and heart rate allow conclusions äs to the pathophysiology of umbilical cord complications. 
Material and method
During the delivery of 115 fetuses the course of the absolute and relative PEP was recorded for at least 50-90 minutes simultaneously with the CTG. Of the 115 fetuses, 38 had anuchal umbilical cord noted at birth. The CTG and PEP recordings of these 38 fetuses are the subject of the study. During or shortly after PEP recording a blood sample was obtained from the fetal scalp for the analysis of pH, base excess and pC0 2 . Blood gas analysis from umbilical artery blood was performed immediately postpartum. In five fetuses with documented cord complication the transcutaneous oxygen tension was recorded from the presenting part according to the method of HUCH [28, 29, 30] and recorded together with the PEP and 0300-5577/80/0008-0183$02.00 with an oscillograph or by meäns of an electronic time "window". These methods are described in more detail in a previous work [3] , Intrauterine pressure was recorded conventionally with an indwelling catheter and a pressure transducer. In order to determine relative PEP, i.e., the ratio of the absolute PEP to the total cardiac cycle, necessary Signals were recorded on a four channel magnetic tape recorder (Hewlett Packard) and subjected to off-line digitization for calculation by microprocessor and subsequent Output for the recorder of the absolute and relative PEP time. The calculation of the relative PEPmakes possible the recognition of PEP changes which are depended upon the heart rate [5] . In heart rate dependent PEP changes the relative PEP does not change.
Doppter-Cardiogram (DCG)
PEP relative % PEP absolute (msec) X 100 cardiac cycle (mec) CTG on a polygraph. The PEP is defined äs the time between ventricular excitation and the ventricular ejection; i.e., the time between the R and Q wave in the fetal ECG and the pressure rise in the aorta or the opening of the aortic valve (Fig. 1) . The PEP was measured by a conventional cardiotocograph (Hewlett Packard 8030A) and an additional Signal processor which we developed in collaboration with the manufacturer. The trigger Signals for the electronic calculation of the absolute PEP are the R wave in the fetal ECG recorded from a scalp electrode äs well äs the opening of the aortic valve recorded with a DOPP-LER monitor from the mother's ab dornen. Thus, we were able to record the PEP continuously online and beat-to-beat in the pressure channel of one of the two Instruments parallel with the CTG. The aortic and mitral valves can be differentiated
Results
The 38 fetuses with umbilical cord complications documented after birth showed during labor contractions quite varying changes in fetal heart rate: 17 (45%) of the fetuses responded to umbilical cord ompression during contraction with a deceleration of the acceleration-deceleration type (AD-Dip); 7 (18%) of the fetuses responded with a type I Dip and another 7 with acceleration. Fifteen (39%) fetuses reacted to the increased intrauterine pressure with mild" to severe variable decelerations and two fetuses with a type II Dip. Two or more different types of heart rate changes during contractions while PEP was measured occurred in 12 fetuses (32%). Only one fetus with cord complication demonstrated no change of the heart rate pattern during contraction (Fig. 2) . rate changes with cord compression during contraction the pattem of the PEP is more uniform since only one fetus showed no PEP changes at all. A simple monophasic Prolongation of the PEP during uterine contractions was seen in 19 (50%) of the fetuses, a two-step increase in PEP was seen in 17 (45%) of the fetuses (Figs. 4, 5, 6 ).
Only two fetuses (6%) had a biphasic PEP pattern with initial Prolongation and subsequent shortening below the baseline PEP time. Both fetuses who had late decelerations in the cardiotocogram showed consistently a shortening of the PEP during contractions. Only four fetuses presented with combinations of two or more different PEP patterns (Fig. 6) . Thus, cord complications almost always lead to a one-step or two-step prolongation of the PEP; these two pattems may be combined (Fig. 5) . Among all patients examined (N = 115) 103 fetuses demonstrated heart rate changes during contractions. A comparison of the PEP patterns seen in fetuses with cord complications with those seen in the remainder of the patients examined who had heart rate changes (Fig. 3) shows that 89% of the fetuses with double monophasic PEP rise in two Steps has documented cord complications while the proportion of cord complications (dark pattered areas in Fig. 3 ) to the remaining PEP patterns in the entire group of patients is much lower. The changes in the absolute PEP described above in fetuses with cord complications remainapparent when the relative PEP is calculated; i.e., in addition to the change in the absolute PEP the proportion of the PEP to the cardiac cycle is changed (Fig. 6 ). The PEP changes during contraction thus are independent of changes in the fetal heart rate. In the case illustrated in Fig. 6 , during the first and fourth contraction there is a slight decrease in the fetal heart rate and a slight Prolongation of the absolute PEP while, in these two contractions the relative PEP remains constant. These mild changes during the first and fourth contraction are therefore solely due to the change in the mean heart rate while the proporation of the PEP to the cardiac cycle remains constant. In the remaining contractions, however, there is a change in the absolute s well s relative PEP in relation to the •v-t* ' l' · · ι i .
• j. .
.. patterns of deceleration, i.e., the proportion of the absolute PEP to the cardiac cycle is also changed.
The PEP patterns characteristic for cord complications do not corrrelate with blood gas analysis obtained during and after birth. We observed these PEP courses in fetuses with a normal acid base balance s well s in those with pre-acidotic blood gas values. Similarly, the characteristic PEP patterns do not correlate with transcutaneous oxygen tension. However, during contraction there is almost always a relative increase of transcutaneous oxygen tension. In most incidents of fetal cord complication there is a single or double increase in PEP during contractions. The values of the APGAR score and the PEP pattem do also not correlate.
Discussion
These results s well s earlier investigations by others [11, 22, 36] show that cord compression may lead to quite different patterns of heart rate changes in different fetuses. Fetuses with cord complication usually had decelerations of the AD type or variable decelerations s well s a combina- tion of various pattems of deceleration. However, in almost all fetuses the absolute and relative PEP increase during contraction either äs a monophasic PEP increase or äs a dual monophasic PEP pattern with a second step in addition to the initial increase. A double monophasic PEP increase appears to be characteristic for cord complications; 89% of all fetuses in our material with heart rate changes during the contraction (N = 103) who had a twostep type PEP increase had a documented cord complication. This second rise in PEP following an initial rise has been observed by EVERS and DE HA AN [20, 21] in chronic sheep experiments with poorly oxygenated fetal lambs (e.g., Figures  4 and 5) . EVERS and DEHAAN [20, 21] demonstrated that the second PEP rise is caused by a second increase in arterial blood pressure. If the ,alpha-adrenergic receptors in the fetal lamb were blocked with phentolamine the second rise in blood pressure and PEP was not observed. In the contrary, both PEP äs well äs blood pressure feil during the second half of the umbilical cord occlusion. The initial step of the PEP rise during the concentration is probably due to the sudden hemodynamic changes caused by the cord compression, namely increased afterload (DA) and decreased preload (EDVP). As has been shown in the chronic sheep experiments the second step-up is due to an additional increase of the afterload because of peripheral vasoconstriction induced by chemoreceptor reflex. According to EVERS and DEHAAN the interval between the first and second PEP rise correlates positively with the oxygen Saturation of the fetal blood at the time of the occlusion; i.e., the longer the interval between the two PEP rises the better oxygenation of the fetal blood. However, the second PEP rise was only observed in poorly oxygenated fetal lambs. This phenomenon was not observed in this the present study in human fetuses during birth. Intermittent measurements of pÜ2 and acid base balance did not establish correlations between the second rise in PEP and partial pressure of oxygen or pH in the fetal blood pH. Similarly, a comparison of the transcuteneous oxygen tension of the fetal scalp did not establish a relation of the partial pressure of oxygen and the second PEP longation because äs demonstrated in our own work [7] and by HUCH [29] during contractions there is a relative increase of the transcutaneous oxygen tension of the fetal scalp. Possible mechanisms for this phenomenon have been discussed elsewhere [7] .
SCHMIDT and MORGENSTERN [37, 52, 53] observed in umbilical cord compression in acute sheep experiments an increase in the heart minute volume (HMV) and a different PEP pattern; In the acute experiment the cord compression led to an excessive Prolongation of the PEP which was constant even with the determination of the relative PEP and thus was not due to a decrease in fetal heart rate during deceleration. The independence of PEP changes from the fetal heart rate in fetuses with cord complications was also demonstrated in the current study in äs much that during deceleration and other heart rate changes there was a change of the absolute äs well äs the relative PEP. In addition SCHMIDT and MORGENSTERN observed in acute experiments in some cases of umbilical cord occlusion a secondary PEP drop after an initial rise. This PEP pattern was also seen by EVERS and DEHAAN during mild cord occlusion and after the blockage of chemoreceptors with Phentolamine. We observed in the human fetus this PEP pattern usually only with deceleration of the acceleration-deceleration type (AD-type Dip) äs well äs with accelerations. Only in one case serious variable decelerations were seen together with this type of PEP pattern. A inter-relation of PEP and preload and afterload was also shown by MURATA [39, 40, 42, 44] in chronic experiments with fetal rhesus monkeys. In these animal experiments which used the same methodology äs used by us, the PEP correlated negatively with preload and positively with afterload. Similar to our own findings, MURATA'S animal experiments did not demonstrate a direct correlation between oxygen tension and PEP.
Thus, we conclude that certain important findings from animal experiments may be transferable to the human fetus during birth [5, 6, 7, 12, 46, 48] . The determination of absolute and relative PEP simultaneously with CTG apparentiy makes possible a more detailed assessment of the state.of the fetus during certain types of deceleration.
Summary
In 38fetuseswith postpartum documented cord complications the pre-ejection period was recorded continuously with a new measuring methodology on-line parallel with the cardiotocogram (CTG). With the aid of this method PEP can be recorded in the human fetus during delivery over longer periods of time. The recording of the PEP and calculation of relative PEP allows Information on the state of the fetus during birth beyond the capabilities of the CTG alone. A comparison of the PEP pattern with the course and decelerations in the cardiotocogram makes it possible to grade various deceleration patterns äs to their clinical importance. Our 38 fetuses had blood gases determined before and immediately after birth from the fetal scalp and umbilical artery respectively. In an additional five fetuses the transcutaneous pO^ tension was also recorded continuously from the presenting part parallel with the other variables.
Methods: The PEP was measured with a conventional Hewlett Packard cardiotocograph and a Signal processor from the same manufacturer. The fetal EKG Signals recorded from scalp electrode served äs trigger Signals for the electronic calculation of the PEP äs well äs the opening of the aortic valve äs recorded with a Doppier instrument from the maternal abdomen. From these variables the absolute PEP was calculated on-line and recorded parallel with the CTG. In addition the relative PEP was calculated off-line; i.e., a determination of the proportion of the PEP to the total cardiac cycle. This was also recorded relative to the PEP and the CTG. The recording of transcutaneous oxygen tension followed the method of Huch and blood gases were determined with a Radiometer Instrument.
Results: PEP changes depend on preload and afterload, blood pressure and ventricular filling. They indicate changes in the myocardial contractility caused by normal or pathologic changes in the fetal-placental System. Of a total of 115 fetuses 103 had heart rate changes during labor contractions. They had four different characteristic patterns of the PEP: (1) a monophasic Prolongation of the PEP during a contraction; (2)amonophasicshortening of the PEP during contractions; (3) a biphasic PEP rise with initial Prolongation and subsequent shortening below the baseline PEP time; (4) a dual monophasic PEP rise in two Steps. Fetuses with documented cord complication (N = 38) almost always had a monophasic or two-phasic increase in the absolute PEP and a similar pattern of the relative PEP during contractions, whereäs the heart rate patterns may be quite inconsistent. One and two-phase PEP rises were often seen in the same fetus. A dual monophasic PEP increase appears to be characteristic for cord compression. 89% of all fetuses with two-step PEP rises had a cord compression. There is no correlation of the PEP pattern and the partial pressure of oxygen or fetal acid base balance. The measurement of absolute and relative PEP parallel with the CTG may help in the Interpretation of deceieration of patterns in clinical practice.
Keywords: Cardiography, fetal circulation, fetal monitoring, systolic time intervals, umbilical cord complications.
Zusammenfassung
Charakteristische Veränderungen der Pre-ejection-Periode des menschlichen fetalen Heizens bei Nabelschnurkomplikation Bei 38 Feten mit postpartual sichtbarer Nabelschnurumschlingung wurde unter der Geburt die Pre-ejectionPeriode mit einem neuen Meßverfahren kontinuierlich online parallel zum Kardiotokogramm registriert. Mit dieser Meßmethodik kann die PEP beim menschlichen Feten unter der Geburt über einen elängeren Zeitraum kontinuierlich aufgezeichnet werden. Durch Registrierung der PEP und Berechnung der relativen PEP ist es möglich, über das CTG hinausgehende Informationen über den Zustand des Feten unter der Geburt zu erhalten, und es ist durch Vergleich des PEP-Verlaufes mit dem Dezelerationsverlauf im Kardiotokogramm möglich, bestimmte Dezelefationsformen in ihrer klinischen Wertigkeit abzustufen. Zusätzlich erfolgte bei allen 38 Feten eine punktuelle Blutgasanalyse aus der fetalen Kopfhaut während der Maßperiode sowie unmittelbar post partum aus der Nabelarterie. Bei 5 Feten wurde zusätzlich die transkutan am vorangehenden Teil gemessene pO 2 -Spannung kontinuierlich parallel zu den oben genannten Parametern registriert.
Methodik: Die Messung der PEP wurde mit einem konventionellen Kardiotokographen von Hewlett & Packard und einem Signalverarbeitungsgerät der gleichen Firma durchgeführt. Als Triggersignale für die elektronische Berechnung der PEP diente das EKG, welches über eine Skalpelektrode abgeleitet wurde sowie die Eröffnung der Aortenklappe, die mit dem Dopplerprinzip über dem Abdomen der Kreißenden erfaßt wurde. Aus diesen Parametern wurde die absolute PEP on-line berechnet und parallel zum CTG aufgezeichnet. Zusätzlich wurde off-line eine Bestimmung der relativen PEP, d.h. eine Bestimmung des prozentualen Anteils der PEP an der Herzperiodendauer durchgeführt und diese ebenfalls parallel zur absoluten PEP und zum CTG aufgezeichnet. Die Registrierung der transkutanen Sauerstoffspannung erfolgte nach dem HUCH'sehen Prinzip, die intrapartualen und postpartualen Blutgasanalysen wurden mit einem Radiometer-Blutgasanalyse-Gerät ermittelt.
Ergebnisse: Veränderungen der PEP hängen von Preload und Afterload, Blutdruck und Ventrikelfüllung ab und zeigen Veränderungen in der Kontraktilität des Myocards an, die durch normale oder pathologische Verän-derungen der Stellgrößen im feto-plazentaren System bedingt sind. Im Gesamtkollektiv (n = 115 Feten) wurden im Zusammenhang mit Herzfrequenzalterationen in der Wehe (n = 103 Feten) 4 En outre nous avons determine off-line la PEP relative, c'est-a-dire le pourcentage de la PEP sur la duree de ia periode cardiaque, et nous l'avons egalement rapportee a la PEP absolue et au CTG. L'enregistrement de la tension transcutanee d'oxygene s'effectuait selon le principe de HUCH, les analyses intra et postpartales de gas du sang ont ete realisees a l'aide d'un appareil Radiometer. Resultats: Les variations de la PEP dependent du Preload, du Afterload, de la tension sanguine et du remplissage ventriculaire et montrent des changements dans la contractilite du myocarde qui sont pruduites par des variations normales ou pathologiques dans le Systeme foetoplacentaire. Dans l'ensemble du collectif (n -115 foetus) nous avons observe 4 traces characteristiques de la PEP en relation avec des alterations de la frequence cardiaque pendant la contraction (n = 103 foetus): 1.-un allongement monophasique de la PEP pendant la contraction; 2.-un raccoucissement monophasique de la PEP; 3.-un trace biphasique de la PEP avec un allongement initial suivi de raccourcissement en dessous du temps basal de PEP; 4.-une augmentation doublement monophasique de la PEP en deux temps. Chez les foetus qui presentaient des circulaires du cordon a la naissance (n = 38), il survient pratiquement toujours une augmentation soit monosoit biphasique de la PEP absolue ainsi qu'un trace de meme sens de la PEP relative pendant la contraction,· alors que des traces d'alterations completement differents peuvent etre enregistres. L'on observe frequemment simultanement des augmentations mono-et biphasiques chez le meme foetus. Les augmentations doublement monophasiques semblent etre characteristiques pour des circulaires du cordon. Ürie teile circulaire" a ete observee chez 89! des foetus ayarit presente des augmentations de PEP en deux temps. II n'a pas ete note de relation entre les traces PEP respectifs durant la contraction et la pression partielle d'oxygene ou les valeurs de l'equilibre acido-basique du foetus. II semble qu'il soit possible de mieux Interpreter au point de vue clinique des divers traces de decelerations a Taide de la mesure de la PEP relative et absolue en rapport avec le CTG.
Mots-cles: Cardiotocographie, circulation foetale, complications funiculaires, Intervalle de temps systolique, surveillance foetale.
